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Wcj The Boller Development Corpora- 
tion, a corporation duly organized and existing 
under the laws of the State of Indiana, United 
States of America, of 410 Glass Block, Marion, 

5 State of Indiana, United States of America, 
do hereby declare the invention, for which we 
pr^ that a patent may be granted to us, and 
tlie method by which it is to be petfonned, to 
bepanicularly described in qnd by the foUowing 

10 statement: — 

This invention concerns a process for apply- 
ing a protective coating to ferrous arddes wnidh 
conqmses first plating the feirous sur&ce with 
a non-ferrous metal having a low solubility in 

15 liquid aluminum and then applying a hot- 
dipped aluminum or alnminnm dloy coating. 
The fbrst coating may be chemically plated, i.e., 
galvanically deposited; or it may be electro- 
plated. In either case the pla:dng is applied 

20 from an anhydrous metal chbride bath at an 
elevated temperature. The metal applied for 
this primary coating should have a solubility in 
liqdd ahmunum not exceeding 8% by weigfht 
at 700''C. Such metals are chromium, nicnsi^ 

25 lead, titanhmi, molybdemmi, berylliun, bis- 
mntfa, cobalt, manganese, antimony, tungsten 
and rirconfr'm. 

The coadng produced by this process may 
be regarded as an improved hot-d^ alundnum 

30 coating in many respects, but as a protection 
against high temperature oxidadon of ferrous 
materials it must be considered as something 
distinctly neiw. 
The application of hot-dipped ahuninum 

35 coatingsisnotanewidea. Ithasbeenattem])ted 
with a greater or lesser degree of success since 
aluminum has been avaikble as a conmson 
metal. For the most part, methods for applying 
the altuninum were adopted firom conventional 

40 tinning and galvanizing operations. Generally 
the suggested procec^res &iled to give an 
aluminum coating of sufficient quality to be of 
commercial interest. 
However, special mention may be made of 

45 two proces ses w hich have recently achieved a 



certain measure of commercial success. One 
of these is applicable only to steel sheet or 
strip, and involves passing material from a 
bri^t nnnftflling furnace through a hydrogen- 
containing atmosphere into molten aluminum 50 
and out trough a hydrogen^xintaining atmo- 
sphere. This produces a coating pq>pered with 
innumerable small pin holes, and having less 
tiian satisfactory adherence, and constitutes a 
process >^ch is inflexible and requires high 55 
capital investment The second procedure 
involves mnintainnig a vety deq> flux hyer 
on top of the aluminum bath, holding the work 
in this layer long enough to raise its temperature 
almost to that of the aluminum, then lowering 60 
tile work into the aluminum and allowing it to 
remain there long enough to coat it and finally 
withdrawing the work through the flux. The 
coating produced does not have optimum 
adherence, the alnmnium bath is contaminated 65 
widi large amounts of iton from the flus;, and 
the procedure is very awkward and incon- 
venient for coating sizable pieces. 

Hot-dipped aluminum or aluminum alloy 
coatings, particularly on iron or sted, are of 70 
great potmtial value for several reasons. The 
alnminnm coating in itself is quite oorxosion 
resistant in many cases, for example;, bdng 
superior in this respect to a zinc coating. The 
aluminum is dectropositiye to iron in the 75 
presence of water in tiie same manner as zinc, 
affording galvanic protection. By virtue of its 
hi^er melting point and the greater inertness 
of its compounds with iron, an wlimifmnn 
coating gives protection at much higher tem- 80 
peratures than do hot-dq[)ped coatings of zinc 
lead or tin. 

In general there are two reasons why pre- 
viously-known processes for hot-dip coating of 
iron or steel with aluminum or aluminum 85 
alloys have been unsuccessful or, at best, only 
partially successful. The first is the difficulty 
in securing complete coverage or wetting of the 
ferrous sm&ce with the molten aluminum or 
aluminum alloy during the dipping operation. 90 
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This is due to the presence of oxide on the 
liquid aluminum suiface under most all con- 
ditions, and to the difficulty of prq)aring a 
chemi^y clean sur&ce on the ferrous material 
5 to be coated. There is some evidence that 
inter&cial tension is quite high even with dean 
aluminum and ferrous sur&ces. In effect, it is 
difficult to wet the ferrous sur&ce wih alu- 
minum. Even when apparently complete 

10 coverage is obtained, as in tiie two commercial 
processes above noted, microscopic examination 
shows numerous small pin holes in the coadn^. 

The second major difficulty in hot-dip 
aluminum coating is due to the rapid reaction 

15 of a large mass of liquid altmiinum with iron, 
once wetting is obtained, with formation of an 
iron-elummum intermetallic compound. Tliis 
compound forms as a layer between the alu- 
minum ooat and the ferrous base materiaL Its 

20 physical properties are non-rmetallic in charac- 
ter, and it is friable and bxitde. Wheaacoated 
ardde is placed under stress, this compound 
layer cracks, primarily within its own tiudcness, 
and the ovaiymg alununum peels off. Uscudly 

25 diis property of the coating is designated as 
low adherence. 

It will be noted that steps which would 
normally be taken to overcome one of these 
major defects of previous processes for applying 

30 an aluminum coating will accentuate the other 
difficulty. For instance, wetting of a ferrous 
surface can be improved by longer immersion 
in, and higher temperature of, die duminum 
dipping bath. But these faaors favor greater 

35 reaction between the aluminum and iron, 
resulting in a thicker compound layer and low 
adhesion of the coating. On the other hand, 
reductions in time of immersion and in tern- 

Eexature minimize compound layer formation 
ut lead to trouble in securing complete cover- 
age of the ferrous surfece. The present com- 
mercial processes are essentially attempts to 
compromise the conflicting requirements of 
these two problems. Consequently the resulting 
45 products are never completely satisfaaorV) and 
very frequentiy are of quite poor quahty for 
the one reason or the other. 

It is the primary object of this invention to 
eliminate the above described difficulties m tiie 
50 hot-Ki^ coating of ferrous materials with alu- 
minum or aluminum BUoySs making it possible 
to produce tiiis coatiz^ witiiout compromising 
on quality in any respect. A fiirther purpose 
is to produce a coating which affcurds outstand- 
55 ing protection to f^ous materials against 
oxidation at high temperatures. Still another 
objeais to achieve these ends by aprocess which 
is both practical and economically feasible. 
To the accomplishment of the above and 
60 related objects, this invention may be embodied 
in the st^s described in the following descrip- 
tion and illustrated in the accompanying draw- 
ings, attention being called to the faa, how- 
ever, that the spedflc procedures described and 
65 illustrated are by way of illustration only and 



that clianges may be made tiierein^ so long as 
the scope of the appended daims is not 
violated. 

Fig. 1 is a diagrammatic Hov/ sheet illus- 
trating tiie steps in a preferred form of the 70 

process; 

Fig. 2 is a similar flow sheer illustrating a 
slightly modified procedure; 

Fig. 3 is a similar fiow sheet showing an alter- 
native procedure; and 75 

Fig. 4 is an enlarged, fiagmental sectional 
view of a piece of ferrous metal coated in 
accordance with the process of the present 
invention. 

These purposes are accomplished by de- 80 
positing a chromium coating 28 (Fig. 4) on the 
ferrous surface 29 and over this apfdymg a hot- 
dip aluminum cr aluminum alloy coating 30. 
Tlte chromium cx>ating is deposited galvani- 
cally from a fused memlHc chloride solution of 85 
dupmium chloride, or by dectxodq)osition if 
a thicker coating is desired. VE^erever, in the 
present specification, reference is made to a 
diromium coating, it is to be understood that a 
coating of any one of the above-mentioned 90 
metals, having a solubility in liquid duminum 
not exceeding 8% at 700*C., might be used 
instead. 

It should be noted that the properties of 
fused chloride solutions are in many respects 95 
quite dififCTent from those of solutions of the 
same sdts in aqueous and other oxygen-con- 
ratning solvents. For example, the rdative 
positions of the metds in the dectromotive 
series changes with the solvent and, in such 130 
fused, non-ac^ueous solutions, may be at con- 
siderable variance from the commonly accepted 
version whidi is for aqueous sdutions. In the 
fused chloride media described in this sped- 
fication, duromimn is definitdy dectronegative 105 
to iron and is readily displaced from solution 
by metallic iron. 

Conventiond galvanic chromium coatings 
are veiy readily wetted with duminiun, and 
thus aid in securing complete coverage or 110 
enshroudment of the ferrous materid with 
duminum. These coatings are completely free 
of pin holes. Heavy gdvanic deposits and 
electrodeposits, however, are sometimes diffi- 
cdt to Wet. In such instances ti»e chromium 115 
coated artide is coated v/ith lead and the lead 
displaced with dimuuum or duminum alloy. 
In dther case, the essentid character of the 
resultant coating is tiie same, viz., an outer 
layer of aluminum or aluminum alloy and an 120 
intermediate layer of chromium. 

The duromium is very effective as a "block- 
ing" layer to prevent reaction of dummum and 
iron to form tiie undesirdsle intermetallic 
compound, /vlicroscoptc examination of artides 125 
whidi have been provided v/ith coatings in 
accordance v/ith tiie present invention shows 
that the chromium k^er is very distinct, the 
only evidence of alloying being that of 
chromium with tiic ferrous base materiaL 130 
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Ckmsequentiy, the adhesion of the aluminum 
coating is excellent The meat to which a 
foTOiis sheet coated in this way can be fonued 
or worked is limited only the ductility of 
5 the aluminum coating and of the base metal 
itself 

As indicated abov^ the coating produced by 
this invention offers unusual protection to 
ferrous materials against oxidation at hi^ 

10 temperatures. This can be attributed to the 
intermediate coating of chromium. Although 
the various reactions have not been exhaustively 
investigated, the following explanation covers 
the observed facts. 

15 A distinction must be made between the 
reaction of aluminum and iron in the presence 
of exc^s aluminum, as in an aluminum dmping 
bath, and the reaction of aluminum ana iron 
in the presence of a limited amount of alu- 

20 minum, as in the case ofa ferrous piece covered 
with an aluminum coating, when exposed to 
an elevated temperature. la the former case, 
and in the absence of a blocking layer, forma- 
tion of the aluminum-iron compound layer 

25 proceeds rapidly. This compound, being of 
greater speciEc volume than the ferrous base 
material, develops cracks and fissures, both 
parallel to, and perpendicular to, the base metal 
surface. If immersion time is long enou^ 

30 pieces of the compound brrak off and are 
floated away ia the liquid aluminum. Ap- 
parently the compoimd is feirly impermeable 
to liquid aluminum and tlie reacdon proceeds 
by aluminum penetrating to the ferrous surface 

35 through cracks in the compound layer. When 
pieces having coatings produced in diis manner 
are exposed to elevated temperatures outside 
Ac aluminum bath, there is litde further 
reacdon, because of the relative impermeability 

40 of the compound and because of tbe faa that 
pieces of fSat compound cannot be floated away 
under these condidons. Consequendy the 
aluminum metal on tihe surface bums away. 
By virtue of its friable nature, much of die 

45 compound layer flakes oflf. Eventually, the 
only protective coating left consists of a thin 
layer of iron-aluminum compound rich in 
iron. 

When pieces provided with the coatings of 

50 the present invention are exposed to h^gh 
temperatures, the chromium dloys with the 
ferrous base and, to a less extent^ with the 
aluminum. The iron, penetrating dirough 
the chromium layer, then alloys very slowly 

55 wi± the aluminum. Some of l^e aluminum 
on the outside is oxidized and Ms away. 
The final protective coating comprises a series 
of alloy layers, rich in aluminum on tiie outside 
and rich in iron on the ingidf. Other coostt- 

60 tuents of die original aluminum alloy and of 
the ferrous base material are similarly dis- 
tributed. The chromium is found dirou^iout 
the coatii^ as indicated hj spectrographic 
examination and by X-ray dtfficaction studies. 

65 The existence of this series of alloy layers may 



be observed by microscqpic examination, or 
by careful dissolution of the coating with 
strong adds. 

The details of a preferred form of the inven- 
tion may be outlined as follows: 70 

The material 20 (Fig. 1) to be coated, such 
as carbon steel for the following specific values, 
is first cleaned b^ conventional methods, as 
add pickling, rinsmg in hot water and drying. 
It is then introduced, without necessarily 75 
preheating the work, into the. galvanic coating 
badi 21. This bath 21 consists of 2dnc chloride 
containing approximately 10% of the triple 
eutectic of sodium, potassium and lithium 
dilorides, approximately 5% ammonium 80 
chloride and a content of a diloride of the 
metal to be deposited, in tiiis case diromium 
chloride, which is held between 0.2% and 
3.0%, but preferably between 1.0% ana 13%. 
The bath is hdd at a temperature of about 85 
400° to 450'*C-; and the optimum immersion 
time is 5 seconds plus the time necessary to 
remelt any salt whidi may be firozen on the 
work when it is introduced into the bath. 

The work is removed &om tlie galvanic 90 
coatmg bath and is deaned of h^vy metal 
salts by immersing the work in a fused alkali 
chloride bath 22 whidi is &ee of heavv metals. 
Preferably this bath consists of a zmxture of 
sodium, potassium and lithium chlorides, with 95 
a layer 23 of alkali metal, alkaline earth metal 
or aluminum at the bottom of the container to 
remove heavy metals. The temperature of the 
chloride bath is hdd at about 650X. An 
immersion time of 5 seconds is adequate to 100 
remove adhering aahs finmi the preceding 
bath, but longer times are employed if neoes-^ 
sary to heat the work. 

The work is removed from the chloride 
wash bath, immersed in a molten aluminum 105 
or aluminum alloy bath 24 and hdd diere, 
with geniie aghation, for 10 to 20 seconds. 
Except when a top flux 25 is used, as described 
bdow, the surface of this bath 24 is skimmed 
just before the work is introduced and just 110 
before it is removed. The temperature of the 
metal bath is hdd about 30X. above the 
mdting point of the aluminum or aluminum 
alloy. After removd of tfae work, excess 
aluminum is removed diere&am by a^ of the 115 
conventional methods. 

The times of immersion and the temperatures 
of the first two baths ate selected to bring the 
temperature of die wod: dose to that of the 
aluminum bath. The ovmll time required 120 
for the whole operation is essentially dvat 
lecjuired to heat the work above the mdting 
pomt of the <>ltitTitniim or aluminum alloy* 

There are several akemativcs to various 
phases of the above process. The composition 125 
of the galvanic coating bath 21 may be varied 
over a wide range. Themajor iportion of diis 
bath, in effect me sdveni^ consists of a com- 
bination of one or more of the cUorides of 
zinc, sodium, potassium, lithium, caldmn, 130 
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magnesitma or barium. The identity and pro- 
portions of constituent chlorides is detexmined 
by requirements on melting pointy fluidity, 
solubihty for other bath components, and, 
5 to some extent, chemical reactivity. The zinc 
chloride content in the bad) may be as high as 
99%. In most cases a minimum of about 
10% zinc chloride in the bath is desirable in 
order to bold an appreciable quantity of 

10 ammonium chloride m solution. The am*" 
monium diloride content may be varied firom 
about 1% to 10%, tiie optimum concentration 
depending on tiie degree of acidity and 
reducing potential requked. The alkali 

15 metal dblotides and aUmline earth dilorides 
content may be vaned between 0% and 99% 
and the dvomium chloride contoit may be 
varied from about 0^% to 3%. Other plating 
metals should be at a corresponding molar 

20 concentration. It ^ould be noted that the 
temperature of the bati^ its addity and the 
plating metal concentration are interrelated, 
and a reduction in one of tiiese i&ctors reqmres 
a compensating increase in one or both of the 

25 others. 

The platmg metal can be added to the bath 
as a chloride or as any compound of the metal 
which will react with tiie batii to give a chloride 
of this metaL The fused salt baths above 

30 described are both strcmgly addic and strongly 
reducmg in character. Compounds which are 
readily converted to chlorides under these 
conditions indude oxides, hydroxides, oxy- 
adds, salts of oxy-adds> carbonates, nitrates, 

35 salts of organic adds. It is dcskable that these 
com|)ounc^ be such that the products of their 
reaction with the bath, other than the plating 
metal chlonde, either be constituents aheady 
present in the batf^ as sodium or anmionium, 

40 or be volatile, as water, carbon dioxide, 
nitrogen oxides. Preferably these metal com- 
pounds are added to the batii in admixture with 
1 to 3 times their wdght of ammonium chloride, 
but this is essential only when the concentration 

45 of ammonium chloride in the bath is quite low. 
In some cases reaction is so rapid, as with 
sodium dichromate, that the metal compound 
must be added very slowly to avoid excessive 
foaming. In other cases, the reaction is quite 

50 slow, as with titanium dioxide;, and some time 
must be allowed for the reaction to proceed 
before the bath can be used. The compounds 
actually used in practice for addition to the 
bath will be selected on the basis of such factors 

55 as cost and ease of handling. 

The time of immersion in the galvanic 
plating bath vwll vary from values given above 
with different ferrous alloys and w^ different 
plating mctab. Generally both longer times of 

60 uuneraion as well as bi|h activity of die batii 
are required with the more refiractory alloys. 

Excessive time of inuneision in the galvanic 
batii should be avoided in most cases. It results 
eventually in a rougjiened stuface. Even when 

65 the attack i^>on die base meted is less severe, 



the coating so obtained may be difiicult to wet 
with aluminum and thus mav remiire pre- 
coating with lead as suggested in flow ^eet 
Fig. 3. The temperature of the galvanic bath 
may be varied &om just above the melting 70 
point of the bath to about 65(fC. The tem- 
perature sdeaed in any particular Instance wiU 
be determined by tibe chemical reactivity 
desired, which will be aoodetated by elevated 
fenmeratures, and by the extent to whidi the .75 
vmk should be heated in this bath. 

The chromium coating may be dectro- 
deposited instead of being galvanically de- 
posited. A mudi thicker dbromium layer can 
be secured in this manner ifit is desired. The 80 
bath is the same as that used for the galvanic 
coating. The procedure is the same, except 
that an dectric current at suitable voltage is 
applied for the required time. 

With electrodeposited coatings and with 85 
heavier galvanic coatings it is preferable to 
coat the work with lead before i5>plying the 
aluminum or aluminum alloy coating. The 
work is takm directiy from the chromium 
coating bath 21 of Fig. 3 to the lead bath 26 90 
and thence to the fused alkali dblonde bath 22 
and to the aluminum bath 24, wherein a layer 
27 of displaced lead vdll aocumidate at the 
bottom. 

The proportions ofindividual alkali chlorides 95 
in the wash bath 22 may be varied &am the 
composition given in the preferred procedure 
described above. As a matter of economy, the 
lithium, chloride content may be reduced or 
elmunated. Alkaline earth dilorides, smgly 100 
or in combination, may replace up to 50% of 
the alkali metal chlorides. A fixed requirement 
is that the mdting point of the combination 
used be lower than the operating temperature 
of the succeeding bath. 105 

The metal 23 carried in the alkali chloride 
bath described in the preferred procedure may 
be dthcr sodium, caldum, magnesium or 
aluminum, or an alloy of tiiese metals may be 
so used The essentials are that the metal be 110 
dectropositive to the heavy metal which it 
is desiried to remove and tliat its spedflc gravity 
shall be sudi that it will remahi at the bottom 
of the bath. When alummum chloride is 
introduced, as by indusion of aluminum metal, 115 
it is desirable to add a small proportion of 
alkali or alkalme eanh fluoride^ 5% to 10% 
to Ttwii ^ fafn higji fluidity. 

Ordinarily it is not desirable to hold the 
temperature of the fused alkali chloride wash 120 
bath 22 more than 50'C. bdow that of the 
following aluminum bath 24. It may be hdd 
at a higher temperature than the aluminum 
bath to speed up the operation. Time in this 
chloride bath is not critical, excqn as it affects 125 
the tenmerature of ifae wod^, and the work can 
be held here for extended periods vdtfaout 
ddeterious eiEects. 

As an alternative procedure, the diloridc 
wash badi 22 may be omitted, the woris passing 130 
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dxrecdy from die ehmmiiim coating bath 21 
to the aluminum bath 24 as suggested in flow 
sheet Fig. 2. Thepiimaiy puiposeof the wash 
bath is removal of heavy m^ sahs carried 
5 over on the work from the ghmmiiim coating 
badi. Zinc sahs are especially objectionable 
in the aluminum bath since they form a com- 
plex zinc-aluminum oxide which makes the 
residual flux very viscous. The heavy metals 

10 also contaminate the aluminum, and consume 
appreciable quantities of aluminum metal. 
However, if the work is not too complex in 
design and if speed of operation is not miport- 
ant, this alternative can b: employed. 

15 Still another alternative is introduction of 
the work into the aluminum or aluminimi alloy 
bath through a top flux 25, as suggested in 
Fig. I. The composition of the top flux is the 
same as that described above for the diloride 

20 wash bath. Fluorides may be substituted for 
a small proportion, 5% to 10%, of the chlorides 
in some of the alternative compositions if higher 
fluidity is desired. An obvious requisite is that 
the melting point of the top flux be lower than 

25 that of the aluminum alloy heing used. Such 
a top flux is highly desirable in continuous 
operations with sheet, strip or wire. It also 
eliminates the need for skimming before 
introduction of the work to the aluminum bath 

30 in discontinuous operations. 

The work may be withdrawn tfarougb a top 
flux of substantially the above composition. 
This eliminates the need for skimnung and 
reduces the incidence of flux spots in the 

35 coating, but tends to stain the siur&ce of the 
coating. The work may also be drained of 
excess aluminum by withdrawing it through 
a deep top flux or holding it in a s^arate flux 
bath held at about the melting point of the 

40 aluminum or aluminum alloy. 

This coating process is aj^plicable widi any 
alloy the major constituent of which is alu- 
minum. In most instances a casting afloy is 
preferred, the aluminum-silicon alloys being 

45 superior to aluminum-magnesium alloys with 
respea both to coating operation and to Ae 
properties of the coating. 

The temperature of the aluminum or alu- 
minum alloy bath 24 is not particulariy critical 

50 in the presence of the chromiimi blocking 
kyer. It may be varied from about 2S^C. 
above the melting point of the aluminum alloy 
to 200** or so ^ove this point, the hi^er 
temperatures aiding in heating the work. 

55 The minimum immersion time permissible is 
that necessary to remove adhering salts from 
the wod; and to remdt any aluminum frozen 
on the work when the woric is first introduced 
into the aluminum bath. The required im- 

60 mersion times for other blocking metals will 
very from that for chromium, being longer in 
most cases. These times will also vary with the 
composition of the aluminimi alloy being used 
The work may be held in the aluminum bath 

65 for several minutes without injurious cflfects. 



but excessively prolonged immersion-should be 
avoided. 

The following examples are given in order 
that this invention may be more fully under- 
stood:-^ 70 
Example No. 1 

Keoes of 1010 carbon steel sheet were pre- 
pared for coatii^ by degreasing, pickling in 5% 
muriatic add, rixising in hot water and drying. 
These were coated with chromimn by dipping 75 
them into a bath of zinc chloride containing 
10% of the triple eutectic of sodium, potassium 
and lithium chlorides, 5% ammonium chloride 
and 1% chromixun chloride. The bath was 
held at 450°C. Dipping time was 8 seconds. 80 
The specimens were then placed in a bath 
consisting of 50% potassium chloride, 25% 
litJnum ddoride and 25% sodium chloride at 
650'*C. for 10 seconds. The pieces were. then 
xnmiersed for 20 seconds in a 95% almninum'-^ 85 
5% silicon bath at 670X. 

The aluminum-silicon coating obtained was 
smooth and continuous, with no detectable pin 
holes. Specimens could be bent bade on 
themselves, 180°, with no flaking or peeliiyg;. 90 
Specimens were held in a rapid air stream at 
lOOO^'C. for 500 hours with no fidlure of the 
protective coating. 

Example No. 2 

Specimens of 1010 carbon sted were coated 93 
with chromium in the same manner as in 
Example No. 1, except that the temperature 
of the bath was 500*'C. They were tlien 
dipped direcdy into a 93% alummum— 7% 
sihcon bada at eSO^'C. for 25 seconds. The ICQ 
coatings were excellent in regard to continuity 
and adhesion. Coated specimens were exposed 
to air at lOOO^C. ibr 475 hours with no ^ure 
of the protective coating. Similar results were 
noted after 15 hours at llOO^'C. and after 2 105 
hours at 1250^C. Specimens of similar sted 
sheet coated with aluminum-silicon by one of 
the presently available commercial processes 
showed, under the same conditions, complete 
£aikire of the coating after 24 hours at 1000**C. 110 
Example No. 3 

Pieces of type 310 stainless sted sheet were 
coated by tiiie method described in Eaample 
No. 1. The aluminum-silicon coatings obtained 
were smood^ continuous and adherent. Sped- 115 
mens were heated in air at llOO^'C for 24 hours 
with no sign of failure. 

Example No. 4 

Sections of a type 310 staixdess sted casting 
were pidded, rinsed, dried and then coated 120 
widi chromium by immersion for 25 seconds 
in a zinc diloride bath containing 5% sodium 
chloride^ 5% potassium chloride, 7% am- 
mcnxum chknide and 1% chitwninm chloride, 
held at a temperature of 60X^0, The sections 125 
were then introduced direcdy into a 93% 
aluminum— 7% silicon bath hdd at 690*^0. 
After 30 seconds immersion, they were re- 
moved and shaken free of adhering molten 
metd. Complete coverage of the intricate 130 
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casting vm obtained. Spedmen3 held in air 
at UOO^'C. for 75 hours showed no failure of 
the protecdve coating. 

EXAMPLB No. 5 
5 Specimens of cast iron were pickled in 5% 
muriatic add, rinsed and dried. They were 
coated with chromium by immersion at 600*'C. 
for 30 seconds in a zinc chloride bath containing 
5% potassium chloride, 2% lithium chlotide, 

10 3% ammonium chloride and 1.5% chromium 
chloride. They were then introduced direcdy 
into a 93% aluminum— 7% silicon bath at 
690**C. Time of immersion was 25 seconds 
They were removed and, before the coating 

15 metal solidified, addidoxial aluminum-silicon 
was cast around them Widi these specimens, 
attempts to separate the aluminum-silicon firom 
the cast iron resulted in breaks in tiie alu- 
minum-silicon metal Similar specimens, with 

20 which the aluminum-^siHoon coating was ap- 
plied according to a pre:vious process when 
tested in this way eadiibited separation of the 
aluminum-silicon alloy from the cast iron, 
the line of cleavage being along the aluminum- 

25 iron compoundUayer 

Example No 6 
Pieces of 1010 carbon steel sheet were pre- 
pared for coating by degreasing, pickling in 
5% hydrochloric add, rinsing in hot water and 

30 drying. They were plated with nickel by 
immersing fox 6 seconds in a badx of zinc 
chloride containing 4% sodium cfabrid^ 4% 
lithimn chloride, 5% ammonium chloride and 
0.5% nickel, added as the chloride The bath 

35 was held ax 450''C The sted specimens were 
taken directly from this bath into a 95% 
aluminum— 5% silicon bath at 670^C. After 
20 seconds immersion they were removed, 
excess aluminum-tilioon removed 1^ shfddng, 

40 and cooled. 

The altuniaum-silicon coating was smooth 
and continuous, with no detectable pin-holes. 
Spedmens were bent back on ttaosdves, 
180% widino flaking or peeling. Odiersped- 

45 mens were heated m an: at llOO'^C for 24 
hours with no indication of coating Mure. 
EmiPLS No. 7 
Pieces of 1010 carbon steel were degreased, 
pickled in 5% hydrochloric add, rinsed in hot 

50 water and dried. They were plated with nickel 
by dipping for 15 seconds at 450'*C. in a bath 
of zinc chloride containing 10% of the triple 
eutectic of sodium, potassium and lithium 
ddorides, 5% ammonium diloride and 05% 

55 nidcd, added as the ddoride. They were 
coated with lead by passing through a zinc 
chloride flux containing 3% sodiiun chloride, 
3% potassium chloride and 1% ammonium 
diloride into a lead bath at 550''C for 5 

60 seconds. Adhering fiux was removed by 
dipping into a bath consisting of 60% potas- 
sium chloride, 25% lithium chloride and 15% 
sodium chloride at 650**C. for 5 seconds. The 
lead was displaced by agitating gentiy in a 

65 95% alummum— 5% silicon batii at 680X. 



for 20 seconds. 

The aluminum-silicon coating was smooth 
and continuous. Adherence of the coating 
was excellent, as shown by absence of flaking 
and peeling with severe bending and distortion, 70 
Upon erposure in air at 1275 C, for 3 hours, 
the coating was smooth, bright and showed 
no evidence of failure. 

Example No. 8 

Pieces of type 410 stainless steel were plated 75 
with nickel and coated with alumintmi-silicon 
by the procedure described imder Eaaunple 
No. 6. The resultant coating was smooth, 
continuous, of excellent adherence and widi* 
stood exposure in air at llOO^C for 28 boms 80 
without any sign of failure. 

Example No. 9 

Pieces of type 410 stainless sted were plated 
with nickel and coated with aluminum-silicon 
by the procedure described under Example 85 
No. 7. The coating obtained was smooth, 
continuoos and showed excellent adherence 
under severe distortion. 

Example No. 10 

Pieces of type 310 stainless sted sheet were 90 
pkted with nickel and coated with almnintun- 
silicon by the procduxe desaibed under 
Example No. 7. The coating obtained was 
smooOi, continuotss, of exodOent adherence 
and was sound after exposure in air at llOOX. 95 
for 3 hours. 

EXAMPI£NO. 11 

Pieces of type 410 staudess sted sheet were 
degreased, picked in 5% muriatic add, rinsed 
in hot water and dried. They were plated with 100 
mohbdenum by immersing for 20 seconds at 
500^C m a bath of 7mc diloride containing 
10% of the triple eutectic of sodium, potassium 
and lithium chlorides, 5% ammonium chloride 
and 05% molybdentmi, added as ammonium 105 
molybdate. They were coated with lead by 
dipping through a zinc chloride flux containing 
3% potassium chloride, 3% lithium chloride 
and 3% ammonimn chloride into a lead bath 
at 550X. for 10 seconds. The adhering flux 110 
was removed by dipping into a bath consisting 
of 60% potassium chloride, 25% lithium 
chloride and 15% sodium diloride at 650*C. 
for 5 seconds. The lead was displaced by 
agitating gently in a 95% aluminum— 5% 115 
silicon bath at 700^*0. for 20 seconds. 

These coatings were excellent in regard to 
appearance, continuity and adherence. After 
exposure in air at llOO^'C. for 24 hours the 
residual coatings were bright, smooth and 120 
affordmg complete protection to tiie base 
sted. 

Example No. 12 
Pieces of 1010 carbon sted sheet were plated 
with molybdenum and coated with dummum* 125 
silioon by the procedure described under 
Example No. 11. Tiie coatings were of 
excellent continuity and adherence, and were 
giving complete protection to the sted after 
exposure in air at llOO^'C. for 3 hours. 130 
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Example No. 13 
Pieces of 1010 carbon steel sheet were de- 
greased, pickled in 5% muriatic acid, rinsed in 
hot water and dried. They were plated with 
5 titanium by dipping for 20 seconds at SOO^'C 
into a bath consisting of the triple eutectic of 
potassium, sodium and lithium chlorides, 
saturated with ammonium chloride and con- 
taining 0.5% titanium, added as titanium 

10 dioxide with the ammonimn chloride. They 
were coated with lead by passing through a 
zinc chloride flux containing 3% potassium 
chloride, 3% lithium chloride and 3% am- 
monium chloride into a lead bath at 550°C. 

15 for 20 seconds. The lead was di^laced by 
agitating gently in a 95% aluminum-5% silicon 
bath at 700X. for 20 seconds. 

The coatings were continuous, with no 
detectable pin-holes. They exhibited excellent 

20 adherence. Thqr were still sound after 
exposure in air at lOOO^'C. for 8 hours. 
ExAMPU No. 14 
Pieces of 1010 carbon steel sheet were de- 
greased, pldded in 5% muriatic add, rinsed in 

25 hot water and dried. They were plated with 
lead by dipping for 10 seconds at 450*'C. into 
a zinc chldride bath containing 5% sodium 
chloride, 3% litfamm chloride, 5% ammonium 
chloride and 0.5% lead, added as the chloride. 

30 They were coated with aluminum-silicon hy 
umnersing in a 97% ahunmum-3% silicon 
bath at 700''C. for 20 seconds. These coatings 
were excellent with respea to appearance, 
continuity and adherence. 

3^ Example No. 15 

Pieces of 1010 carbon steel sheet of various 
thicknesses were plated with cobalt by im- 
mersing them for 20 seconds at 450''C« in a 
zmc chloride bath containing 10% of the triple 

40 eutectic of sodium, potassium and lithium 
chlorides, 5% ammonium chloride and 0.3% 
cobalt, introduced as the nitrate. Adhering 
heavy metal salts were removed by dipping 
for 2 seconds at 550*C. m a bath consisting of 

45 the triple eutectic of sodium, potassiiun and 
lithium chlorides plus 5% sodiiun fluoride. 
They were then coated witih 97% aluminum- 
3% silicon by immersing them with gentle 
agitation in the aluminum*silicon bath at 

50 690X. for 20 seconds. 

Bright, smooth and continuous coatings were 
obtained. Adhesion of aluminum-silicon was 
good. The coatings were soimd and affording 
complete protection to the steel after exposure 

55 in air at 1000°C. for 15 hours. 

EXAMFLB No. 16 
Pieces of 1010 carbon sted sheet of various 
thicknesses were plated with manganese by 
holding for 12 seconds at 450°C. in a bafli 

60 consisting of zinc chloride with 10% of the 
triple eutectic of sodium, potassium and 
lithium chlorides, 5% ammonium chloride 
and 0.5% manganese, added as potassium 
permanganate. Heavy metal salts were re- 

65 moved by washing for 2 seconds at 550°C. in 



the sodium, potassium and lithium chloride 
eutectic cnrntnining 5% sodium fluoride. The 
plated pieces were immorsed for 10 seconds in 
a 97% ahimmum-3% silicon bath at 680''C. 

The aluminum-sUicon coatings obtained 70 
were bright, smooth and continuous. Adr 
hercnce of die coating was good. Afl^ ex- 
posurein air at lOOO^C. for IShours tfaeooatrngs 
were sound and affioiding complete protection 
to the steeL 75 
Example No. 17 

Specimens of 1010 carbon steel sheet of 
various gauges were plated with ^T«iTinitn by 
immersing for 10 to 15 seconds in a zinc 
chloride bath containing 10% of the sodium, 80 
potassium and lithium chloride eutectic, 5% 
ammonium chloride and 0.3% zirconium, 
added as zirconyl nitrate. The adhering heavy 
metal salts were washed off in a batii of the 
sodium, potassium and liihium triple eutectic 85 
by dipping the pieces for 3 second at fiOO^C. 
The zumiium plated pieces were dqjped in 
97% aluminum-3% silicon at eSO^'C. for 
10 seconds. 

Continuous, bright and very smooth alcH 90 
munium-silioon coatings were obtained. Ad- 
hesion was excellent Coated pieces eq>osed 
in air at lOOO^C. for 15 hours were camj^xidf 
sound. 

Example No. 18 95 

Pieces of 1010 carbon steel sheet of various 
thicknesses were plated witix tungsten by 
immersing for 15 seconds at 450°C. in a bath 
consisting of 2dnc chbride containing 10% of 
sodium, potassium and lithium chlorides, 5% 100 
ammonium chloride and 0.5% tungsten, added 
as sodium tungstate. Adh^cog heavy metal 
salts were removed by dipping for 5 seconds 
in the alkah chloride triple eutectic at 550®C. 
The pieces were then immersed in 97% alu- 105 
minum-3% silicon at 700X. for 20 seconds. 

The aluminum-silicon coatings were brigjit, 
smooth and continuous. Adhesion was good. 
Coatings were sound after e]q)OBute in air at 
lOOO'^C. for 15 hours. 110 

This coating process is applicable to any 
forrous article, induding not only those which 
are predominantly ferrous but the alloys in 
whidi iron is present only in a small but 
significant amount. The range in conmosition 115 
of these ferrous materials is indicated in the 
following examples:^ 

Example No. 19 

Specimens of Multimet (Registered Trade 
Mark) (AMS 5532) sheet 0.050 m. thick were 120 
plated with chromium by immersing for 55 
seconds in a zinc diloride bath containing 10% 
of die sodium, potassium and hthium chloride 
eutectic, 8% ammonium chloride and 0.5% 
chromium added as potassium dichromate. 125 
Temperature of the bath was held at 500®C. 
Adhering heavy metal salts were washed oiOT 
in a bath of the sodium, potassium and lithium 
triple eutectic by dipping for 3 seconds at 
550''C. The pieces were then unmetsed in 130 
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87% aluxmnum-13% silicoa at for 70 
seconds, removed and shaken free of excess 
molten metal 
The coatings were bright, smooth and con- 
5 tmtious. Adhesion vm very good. The coat- 
ings were sound after exposure in air at 
1100**C. for 12 hours. The nominal composi- 
tion of Muldmet is: 21% chromium, 20% 
nickel, 20% cobalt, 3% molybdenum, 3% 

10 tungsten, 1% niobium and 32% iron. 

Example No. 20 
Pieces of Inconel (Registered Trade Mark) 
(AMS 5540) sheet 0.050 in. thick were plated 
with zurconium by immersing for 120 seconds 

15 in a zinc chloride bath contaming 10% of the 
sodium, potassium and lithium chloride eutec- 
tic, 6% ammonium chloride and 0.4% zir- 
conium added as zirconyl nitrate. Temperature 
of the bath was held at 500°C. The adhering 

20 heavy metal salts were removed by dijrping 
for 3 seconds in the alkali chloride triple 
eutectic at 550°C. The specimens were im- 
mersed for 90 seconds in 87% aluminum-13% 
silicon at 610X., removed and shaken free of 

25 eKoess molten metal. 

The aluminum-silicon coatings were bright, 
smooth and continuous. Adhttion was good. 
The coatings were sound after exposure in air 
at 1100**C for 12 hours. The nominal com- 

30 position if Inconel is: 78% nickel, 15% 
chromium and 7% iron. 
WHAT WE CLAIM IS:— 

1. A process for coating ferrous metal in- 
cluding tiie steps of cleaning the surface of the 

35 work to be coated, then plating the work in 
a fused chloride bath which consists of am- 
monium chloride and at least one chloride 
selected from the group consisting of the 
chlorides of zinc, sodium, potassium, lithium^ 

40 calcium, magnesium and barium, at a tesn^ 
perature between the melting point of the bath 
and about dSO'^C, with a non-ferrous metal 
having a solubili^ in Hquid aluminum not 
exceeding 8% by weight at 700X., said bath 

45 being substantially water-free and oxygeurfree 
and including the chloride of the metel to be 
deposited on the work in an amount between 
0.2% and 3.0% of the mass of die ba^ and 
then dippii^ the work in a mdten metal bath 

50 y^st major constituent is aluminum. 

2. A process as sec forth in daim l,indudmg 
prior to the dipping of the work in said molten 
metal, the step of cleaning heavy metal salts 
frcmi the work by immersing rht work in a 

55 bath consisting of fused alkali chlorides and/or 
alkaline eanfa dibridcs and which is free of 
hcsvy metals. 

3. The process as set forth in claim 1, in 
which the fused chloride bath consists of zinc 

60 chloride, the triple eutectic of sodium chloride, 
potassium chloride and lithium chloride, and 
ammonium chloride, together widi the cbJoride 
of said metal to be dq>osited. 

4. The process as set forth in daim 3, in 
65 whidk the chloride bath contains approxi- 



mately 10% of the said eutectic and approxi- 
mately 5% of ammonium chloride, 

5. The process as set forth in daims 2 and 
3, ia which the fused alkali chloride bath 
consists of a mixture of sodium chloride, 70 
potassium chloride and lithium chloride. 

6. The process as set forth in giaim 5, in 
which a layer of metal, selected from the 
grot^ consisting of sodium, caldum, mag- 
nesium and aluminum, is maintained at the 75 
bottom of the fused alkali ddoride bath. 

7. The process as set forth in claim 1, in 
which the fused diloride batii consists of zinc 
chloride 0% to 99%, alkali chlorides and 
alkaline earth chlorides 0% to 99^03 ammonium 80 
chloride 1% to 10%, and the chloride of the 
metal to hz deposited, 0.2% to 3% by weight. 

8. The process as set forth in daim 7, in 
which the alkali chlorides are sodium chloride, 
potassium chloride and lithium diloride. 85 

9. The process as set forth in ^ifli'm 7, in 
which the alkali chlorides are sodium chloride 
and potassimn ghl oridgj 

10. The process as set fonh in daim 1, in 
whidi the fused chloride bath consists of zinc 90 
diloride 0% to 99%,alkalineeartii chlorides 0% 

to 99%, ammonium diloride 1% to 10%5 and 
the chloride of the metal to be deposited, 
0.2% to 3% by weight. 

11. The process as set forth in daim 1, in 95 
whidi the plating step is accomplished through 
dectro-deposition by applying an dearie 
current through the batk 

12. The process as set fordi in daim 1, 
induding the step of introducing the work to 100 
the mdtea bath whose major constituent is 
aluminum through a tc^ flux consisting of a 
nuxture of sodium chloride, potassium dUoride 
and lithium diloride. 

13. A process as set fonh in daim 1, in- 105 
dudmg, subsequent to said fused chloride 
bath, the step of dqypmg the work in a molten 
leadbatii, to coat the work with lead, and then, 
while the lead coat continues to adhere to tiie 
work, dipping the work in a molten metal bath 110 
whose major consticnent is aluminum to dis- 
place the lead coating with a coating of the 
metal of said last-named bath. 

14. A process as set forth in claim 2, in 
which said deaning bath consists of a fused 115 
mixture of sodium diloride, potassium diloride 
and lithium chloride together with an alkali 
fluoride, m the proportion of 5% to 10% of 
the mass of the bath, to maintain high fluidi^ 

of the bath, said bath being free of heavy 120 
metals. 

15. A process as set forth in daim 14, in 
which a layer of aluminum is carried at the 
bottom of the bath. 

16. A process as set forth in daim 1, in 125 
which said dipping the work in a molten metal 
bath whose major constituent is aluminum is 
effected by introducing tiie work to the last- 
named batii through a top flux consisting of a 
mixmre of sodium dilorick, potassium chloride 130 
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and lithium chloride and 5% to 10% of alkali For the Applicants: 

fluorides. FRANK B. DEHN & CO. 

17. A process for coating ferrous metal Chaitered Patent Agents, 

substantially as herein described and shown Kingsway House, 103, KingsWay^ 

5 in the accompanying drawings. London, W.C.2. 
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